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OST	vs	Herschel:

~10x	gain	from	
aperture

Remaining	gain	
from	lower	back-
ground	 with
4K	telescope



OST	vs	Herschel:	Detectors
• Herschel	used		arrays	of	a	few	hundred	to	a	few	thousand	of	detectors,	

and	warm	telescope,	but	had	very	high	science	return

• Origins	Space	Telescope	will	require:
– background-limited	 imaging	&	spectroscopy	on	a	~4	K	space	telescope
– 100	to	1000x	more	detectors
– 100	to	1000x	better	detector	sensitivity

• Superconducting	detectors	are	poised	to	meet	this	challenge
– #1	technology	 priority	 for	OST	(Staguhn,	 1/3/17	presentation)
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Herschel/SPIRE	Ge bolometers Herschel/PACS	Si	bolometers

PACS	blue	channel	(90	µm)
32	x	64	pixels
8	subarrays,	16x16	ea.
Silicon	bolometers
CMOS	mux
TiN absorber



SCUBA	2: superconducting	TES	bolometers	with	32:1	
multiplexed	SQUID	readout

5120	pixels	per	band,	100	mK,	TES/SQUID	TDM
NEP	~	low	10-16 W	Hz-1/2

Holland	et	al.	2013

no	horns



MAKO:	484-pixel,	350	µm	kinetic	inductance	
detector	array	(1000:1	mux	density)
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Basic	Concept
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CSO	Deployment
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MAKO	at	the	CSO
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Sgr B2 Moon



Backgrounds	for	Cold	Space	Telescope
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Imaging
Dispersed	spectroscopy

OST	requirements:
NEP	~	few	x	10-19 (imaging)
NEP	~	few	x	10-20 (spectroscopy)



SAFARI	TES	detectors
(SRON,	Cambridge	et	al.)
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NEP	~	2	x	10-19 W/Hz1/2
Khosropanah et	al.	2016

132-pixel	multiplexing
Hijmering et	al.	2016



SPACEKIDs:	SRON,	Cardiff	et	al.
(Baselmans et	al.	2016)
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NEP	~	3	x	10-19 W	/	Hz-1/2

Array	size	and	mux	factor:	961
Pixel	pitch:	1	mm
Pixel	yield:	85%
Optical	efficiency:	>	50%

Optical	bandwidth:	1	octave
Dynamic	range:	>	1000
Electrical	bandwidth:	>	100	Hz
Electrical	crosstalk:	<	-30	dB
Cosmic	ray	deadtime:	~20%	
(improvements	 underway)



QCD:	The Quantum	CapacitanceDetector

-1.5 -1 -0.5 0 0.5 1 1.5

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Vg(V)

R
(V

)
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QCD:	Far-infrared	photon	counting
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• Sweep	rate	~	22kHz	spanning	4	Quantum	Capacitance	Peaks	=>	effective	sweep	rate	~	88kHz
• Should	block	background	tunneling	while	still	allowing	tunneling	due	to	single	photon	 absorption
• Raw	QC	time	trace	should	be	absolutely	periodic
• Gaps	are	due	to	high	tunneling	suppressing	the	Quantum	Capacitance		signal,	due	to	photon	

absorption.

Photon Photon Photon

Credit:	M.	Bradford,	P.	Echternach

500	us

Photon	counting	not	 required	for	OST	science,	but	does	offer	some	system-level	advantages:
*1/f	noise	not	an	issue,		*	low	NEP	strictly	 speaking	not	 required.	
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Detectors:	OST’s	#1	Technology	Challenge



SUMMARY
• OST’s	detector	technology	challenges:

– Scalability	to	detector	counts	>	105

– NEP	in	the	10-19 to	10-20 W	Hz-1/2 range

• These	requirements	have	been	demonstrated	
individually

• Very	good	prospects	for	meeting	all	simultaneously
– through	some	combination	of	concepts	explored	to	date

• Will	require	focused	R&D	program
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BACKUP	CHARTS
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Small-volume	absorber-coupled	KIDs

Why	this	architecture?
• Low	volume	inductors

² Width:		150	nm	
² Thickness:		20	nm
² Al:		low	resistivity	èGood	

optical	absorption	with	a	low	
absorber	volume	

² Lens	coupling	èMinimize	
inductor	area,	allow	for	IDCs

• Low	f0:	few	x	100 MHz
• τqp ~	1	ms for	Al
• Challenge:		High	yield?

Meandered	
Inductor

Interdigitated
Capacitor

Coupling	
Capacitor

Detector	
pitch:		1	mm

JPL	/	CIT	/	U.	Colorado	
J.	Glenn+	SPIE	2016

Microlens
Array



Follow-on	project:	ICarIS
• Balloon	payload,	

proposed	to	NASA
• C+ at	240-420	µm

– z	=	0.5-1.5
• U.	Penn:	Aguirre,	Devlin	

(integration,	gondola)
• JPL/CIT:	Bradford,	Hailey-

Dunsheath (detectors	-
low-volume	Al	KIDs)

• U.	Arizona:	Marrone
(telescope)

• Illinois:	Vieira	(optics)
• Chicago:	Shirokoff

(detector	testing)
• ASU:	Groppi,	Mauskopf

(readouts,	machining)
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Figure 8: TOP: starfire horn-coupled focal-plane array design and prototype devices. Conical multi-flare-
angle horns are drilled in the metal substrate with a custom tool. Alignment between the metal and the silicon
die is via a pin and a pin-and-slot, accommodating the di↵erential CTE. The circular waveguide couples both
polarizations (via TE

11

modes) the absorber. Right, 2nd from top and center panel right shows the initial HFSS
simulation of the system – the absorption e�ciency of the TE

11

mode incident from the circular waveguide is
>90% for �

max

/�
min

= 1.26, nearly one full band. BOTTOM: starfire prototype array. The circle shapes
are metal choke structures to improve coupling and prevent loss into silicon substrate modes. The absorber
/ KID inductor is the meandered structure shown in the right hand panel obtained with a photo-microscope
using oblique illumination (which captures edges of the metal structure). The inductor is a single meander—the
various meander sections are abutted at the corners so that the capacitance shorts them together at 800 GHz
but not at 100 MHz. The film thickness and the meander shape are tuned to simultaneously provide optimal
absorption in the cavity, create the necessary inductance for our readout frequencies, and maintain su�ciently
small volume to meet our NEP requirements. This prototype uses 20 nm-thick aluminum with 0.6 µm-wide
lines, forming a total inductor volume of ⇠38 µm3. The interdigitated capacitors are alongside the absorbers,
and the metal waveguide plate above them is recessed to avoid impacting the KID Q (not shown). While not
implemented in this test, the starfire arrays will include integral back shorts formed in the wafer via a backside
deep trench etch to a buried oxide layer (27µm thick). HFSS simulations indicate that with a single step in the
waveguide width near the detector (not shown) this absorber provides greater than 90% e�ciency across one of
the starfire bands. Right, 2nd from top shows the measured NEP of the prototype starfire device (see text).
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Photon1noise$limited$sensi,vity$in$MKIDs$at$250$μm$

Feedhorn1coupled$
MKID$concept$

dual1polariza,on$sensi,vity$
within$one$spa,al$pixel$

Experimental$package$

Sensi,vity$to$variable$temperature$thermal$load$

photon$noise$
limited$

above$1pW$

in'development'for'BLAST6TNG,'a'balloon6borne'polarimeter'

Hubmayr$et$al.$2014$

detector$development$is$a$collabora,on$between$NIST,$UPENN,$ASU$and$Stanford$

feedhorn$array$

detector$chip$

photon$noise$$
predic,on$

McKenney+	SPIE	2016;	Hubmayr+	2014

3000	pixels



2G	array	layout

20

• 468 pixel array
• Gold for thermalization
• Holes for pin alignment to microlens array

• Hexagonal lattice aligns with 
microlens array on back side of



TiN 3G:	Dual	Polarization
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